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^"S^" DC-DC ^e}» *fl^S>^ zl -E.;aJo] o^cf, 

-M. ^ o r> SJ33fe PM Al^ofl ^ og^s,^ *}^(DC) ^(Vin)* A>^^ 
3-fKDC) ^tAS ig^Kr PWM ^3^71(210); ^-71 PWM ^Jf(210HH ^ 
* A>^o,l ^tfojg. fi^*}-^ 3^(220); -8-71 ^1^(220)^ MtftfCVoutW ^fl 

AS «^-a1hp> ^^(230); 4>7l ^-a]^ ^^(230)^1 I^IH m 

(VoW JEM "1"* ^^^1 ^ s 5WH*Kr 7^(240); g #7l 

« Al^-i- ^ PWM pwM ^^ 7l(2 io)s #^Rr H$]o) 

(250)* if^ ^j. 

£ 2 

^^1^ JE^o]^ 7]^ DC _ DC ^^ Bl) 
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^R)40015559 ^ 2005/2/3 

S.^H^ 7]^^: ol-g-^V DC-DC ^1*1 Bj {DIGITAL DC-DC CONVERTER USING 

DIGITAL MODULATION} 

£ l£r #5fl^l DC/DC ^S.o]x^. 

5. 2^r -g- l^g^l 4^ ^^1^ DC/DC ^Holr}-. 

£ 3f £ 32] 1*} ^Bf-AlzLti> JE/fr^M^^] 

£ 4^ -& Ib^l YKS-tH^ 2-$"i- ^11,^2 l^^lJl^l 

5. 5^ DC/DC SfH^ 3-^ 7l§^«a-#^^^- ^£ 0 1^. 

S. 6a,6b^ DC/DC ^^3] 7>^ ^-g^SH^^ ^S^r}. 

210 : PWM ^^71 220 : 

230 : ^B)~Al zlp> ^S^f 231 : i^^lS. ^sfl^B]^ 

232 : 233 : «1 .51 Jf- 

234 : D/A 240 : 

250 : SW1 : *f|l 
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SW2 : ^12 SW3 : 4|3 

SW4 : *fl4 ^£1*1 SCI , SC2 : ^ *fl2 

Vo : 1^1 H r^^ VA : ^v^rz. 



<ie> ^ t)x]ig 5L^o]& y]^Sr ol^-tb DC-DC ^ ^1 A/D 

^ <=.>^ M $3. ^)3L rq^m ^s. ^7>Ai^ ^ #^3^m ^ $i 

t}*!^ DC-DC 5*1 ^3: ^H^r- 



<17> <gtiV^^.S., DC/DC VLSI (Very Large Scale Integrated Circuit) 

^(system on a chip) ^ 7^ M 3541 DC ^th* W*M W 35^, 

A}-g-<5}jL $X±r ^7}^11^#41 ^^fl ^g-£H°> ^ *fl#S°l ^ Sl7fl 

<is> o]sltb DC/DC sa^EH'Hfe iM^^M °r^5rz. ^ 
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7]^ 



11 PWMCPulse Width Modulation) ^H7l# aR--^- . 



<19> S. l^r ^Efl^l ^l*lll DC/DC ^ 2.^1 1=1-. 



20 £ ^s^HS, #5fl3 DC/DC ^l^fe PWM ^3 3*11i fi^^^i, o]^ <y§]s) 

4) ^%l^-(110)oflAi ^*Hr ^^(120)^-, #71 3flJHi20)4H «^ 

^ #^^^(Vout)* A/D €«:*Rr A/D ^3(130)3-, #7l A/D 3*1 3(130)3 -tU^l 
7 ]^a-1 ^-B) ^/^(Duty up/down) ^&«Hr ^/^ ^W(140)3-, #7l ^ 

(140)3 y]3^n*) ^ ^*fl ^ V7 i ^ ^3^^(iio)3 

o]-s}^ PWM ^3 ^1H^-(150)« 
<2i> ^-71 DC/DC AD A}-g-^ r^M ^ —3- , t^m^r 7l^<*H: 

DC-DC #^^^(Vout)^: S^W. 



<22> ol&)^ DC/DC ^BH^, #^^^(V0Ut)^r <>}^*L=L £<&°]2-SL, ^ 

PWM ^3 ^H^f ^3 3^1€ ?iH#33-3 ^ a)] °)M inter face)# 3*fl AD 5ft *H 3 (130)7> 
A>-g-^rl-. <*j 7 H, s$7] AD (Flash) AD fi^B^} ^ *Y%rQA. 
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<23> o]^ ^ ^2fl^ DC/DC «2fl^ AD ^^7} ^ slS 



A3 



31 



1=3 



<24> ^ n^\7) ^s, n ^*\-& a/d ^ 

n\ t o]o\) xcj-ej. 31^* *r 5^ 7]^ DC-DC ^ 



<25> ^-7ltt ^-^^r ^*>7l 41 £r DC-DC 

<26> t]*|ig Sl^H^ 7}^-jr t^lli DC-DC $X°]*\ , 

<27> og^s)^ PWM Ais<^l ^ <^£)^r *)ff-(DC) ^SKVin)* A>^cfl =3.7]$ *}^-(DC) # 

<#^s. ^s-}^ PWM ^3^71(210); 

<28> # 7 1 PWM A^Jf( 2 10)<M %%S\±= A}3H] 

(220); 

<29> 3tf|BK220)i*] #^^^(Vout)^l sfl^^r ^SKVfd)*, ^V^H ^€ 7l§^<^ 

(Vref)^l ^^1^ ^^-(Vo)^-S ^«r^ ^-Al zz.*} ^2^(230); 
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<30> #71 ^Bj-Al ZLV} ^2^(230)^ AA^ £tf(VoW ^ "1"* ^^fl^ «HS 



<si> 7}^(240)11 ^« Si| "l"5l 7^1 ^ SKN'M ^H*> 

51, °) §Voleim ^eflol .a] ^ ^ PWM ^IJl* ^"71 PWM ^71(210)3. #^Rr H 

511 ol afl°W250) 
<32> i^Vfe ^-ir ^^-S. 



< 33 > o]^, ^ ^Sl w>^^ 41* ta*l^ ^1*1 «■ 

2^ 5L^H ^2}iL5L 71^ 7># ^Jl^^r ^^tt 5} 



< 34 > £ 2 ^ ^- ^°11 *W DC/DC S^^l ^S.©!^. 



£ 2# ^-2:^, ^<*fl *W ^lli DC/DC rl^m S^H^ 71^-ir °1 

cl^l^ DC-DC fitflBl^i, °l*r ^&l$= PWM ^IJ^l ^ *WDC) ^(Vin)* ^} 

€<*l 37l^| ^(DC) ##iL JL €«SHr PWM ^^71(210)^, #7} PWM ^Jf(210H 

^ 3)^- #*M: ^tf^Hr ^Bl(220)^, <3"7l ^B-l 

(220)3 fc^tfCVautW tfl^fe sfltfCVfd)*. *>^H 413 « ^^(VrefHl 

51-, ^^1^ ^(Vo)^ €4@r*>fe ^BH^l^V €2:^(230)3, #7l ^BHM^- ^. 

^(230)^1 1«]B ^(Vo)°H 5.*] "1"* ^>°1H ^RrHSHr 7> 
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^(240)4. #71 *Hr*| (240)41 ^ ^ "1"^ 7fl^l ^ *M«3 

^H^ji, ol *H*fltt ^1H PWM 4IM #7l PWM ^8^71(210) 



^^flol *lHJf(250)* a^-W. 



<36> £ 3^ s. 3^1 1*> ^BH^l^r H^H^ ^SS-Ol^. 



3 ^ ^^t^, ^1-71 ^-^l^r ^S^(230)^ ^-^.tflefl^ (non-overlapping) 2#^r ^ 
*|1 * m «S)4U5:(SC1.SC2W ^ #71 ^(Vfd) £ <^3*r 

SKVA)* ^ Afl^^ ^^1- 7^1^(231)^, #71 ^41*1 = 7^^^(232)41 ^ 
S«3 3£:*Hb ^«J?-(232)^-, #71 3^Jf(232)3.Jf^ a>^H ^ 

€ ^^(Vref)^ wlS*H "1" 3^ "°" ^* ^SKVo) 

^ «1^(233)^ ; #71 til 5Pf(233) 4H ^« ^^(Vo)5l n^. # 

71 *l3Pf(233)4H ^(Vo)* a}^ ^SZL ;fltf(VA)JLS 

<*| ^"71 i^l= 7l4AlE^(231)S #^Kr D/A ^$HK234)# 5.^-^. 
<38> ^71 -iBl-AlZLP> ^3^(230)^: "1" iE^b "0"^ ItilH #°*Mr #^Kr 1*> 

zip> S.^HBKDelta-Sigma Modulator )5L , SJ^fe ^ ^tf* 



<39> 



5L 4^ ^-^sfl^g 2#^r ^ *fll,*)l2 #^^S^1 s^HS.^, #7l 

^#S(SC1)^ 50% ^-4 ^ ^3*1 (duty rate)* €^1-1, #7l *fl2 #^AlJr( S C2) 
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7] »U #^^1J:(SC1)^1- \+-.$.tfl2fl 3 S(Non-overlapping)€^. 



<40> ^1-71 7 t ]sflA]E : |^-(231)^ #7] ^(Vfd)^ ^^^H <£^* #7] afll 

^ ^^s)c>| 7l§^<y-(Vref)^ #7] ^1 #2}^1Jl(SC1;h1 tcj-e^- ^^"Hr- ^2 

^^1(SW2)^-, #7l D/A ^^(234)^ #7l Tfll ^^1(SW1)^- T^aIbKCI)^ 

icS.^^ ^^t* #7l ^fl2 ^^ls(SC2Hl ^ ^^Rr *ll3 ^H*l(SW3)£h <$7] 
Ei(Cl)* ^ ^- 7 ] ^«.y.(232)^l #^^8r, ^"71 ^2 #^Jl(SC2H1 t^B}- 7^|%1^- 

^ TlH ^^^1(SW4)« S^^K 

<4i> j$ 7 ] d/A ^^(234)^ #7l tiliiLJf (233)<>iH ^(Vo)^ S2] #Bfl7> "1" 

^7l tilil^-(233)^^i #^5)^ ^(Vo)* A>3H *}^S.n. ^ 

(-VA)-^-S. ^ft^>^ #7] 713^1^(231)5. #^KlL, #7l WlmJf (233HH 

^ tq^l^ ^^(Vo)^ S^j -^-^71- "O"^, ^-71 t^Jf (233HH ^I^CVo) 
A>^oil °cM ^^.H ^^-(+VA)^-S. ^ft^M #71 71 5fl a1b^( 231)5. # 

<42> o^, ^ Jl3X|-1- ^Jf t!: S^cfl ^M^H ^Ml -S-] ^^-gj-cl-. 
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<43> 



£ 2« ^2i^, DC-DC PWM >«8#7l(210)*r PWM #3^1 

^ *HKDC) £tfCVin)-fr Ar#4 3.71^1 *UKDC) €«r«fe^, ^ 

7H, #7l PWM #JL4 i*W tfl^ *W ^fl*|7> ■£ 2£fc J^^, cl ifl^ tftf ^ 

^ Jg.^ ^j^-(DC) ^(Vin)^ ^r^H ^€ 3.7"! <q z|^-(DC) 



< 44 > t^r, & ^tt)^(220)^r #71 PWM ^Jf(210)olH *^£)^r 3^ ^ 



^ o_S. ^^r^l, *°1 #7l 5£Ltf|BK220)fe ^ ?itf|^(buck converter) 

e (boost converter)^. ^€ ^ Sl^ , ^ ^^(buck converter)^ ^-Mfe # 

71 PWM ^#Jf(210)*fH *l* *r#4 ^^31, ^ 

oil, ^-iE (boost converter)^ ^4^r #?1 PWM 4^(210)41*1 iM 5 ^ ^ 



< 45 > t}^, ^ ^-Al n*} ^S^-(230)^ #7l ^i^Bl (220)^1 #Sj3i<£(Vout)4 -Sfl^fe- 

^oJ-(Vfd)*, A>^ofl 7l^<&(Vref)4 4^ , lWlH^l tl*|l3 ^SKVo)-^ ^ 



< 46 > £. 3 ^ 5E. 4# %i-S^r 1 3 , #71 ^-Alznn} ^^(230)^1 ^£1*1 3= TlsflAlBlJf (231)^ \+" 
^Hfl^ (non-overlapping) 2#* ^ 4l g 42 #^#S(SC1,SC2)4 ifl^^M. # 

71 31) = ^ ##(Vfd) % #^^°0-(VA)* ^ 3^(232)3. 
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<47> #71 = ^sflA]Bl^- (231H1 tfl*IH 2-^ 

<48> £ 4 6|l £Altb « r £f -*7l ^1 #^Jl(SC1)£t #7] ^2 #^#JL(SC2) *M*IIH& 

ri S o.ell^S o]^o]^| 2#* #7l *fll #^^1S(SC1)^- #7l ^2 #^^1JL(SC2)^ 



A-ls. ^o]5ll^^el 2.^ S^l^T/lel ^^1^1 ^ (non-over lap) ^7|H 

<49> ol^^ #71 *fll #^^31(SC1)^1 *U ^*1(SW1) £ ^112 ^*1(SW2)7} ^*J-*M ^> 

7l ^^lH. 715()a1e-1^-(231)^ S3 ^#*3*Rr SJ= (sampling mode)S ^ 

zV^JI, #71 »12 «^#:§:(SC2H *(|3 ^*1(SW3) ^ *fl4 ^*1(SW4)7> ^*N^ ^ v 

71 >h4|*lH. 7^1^1^(231)^ 3l 0 *M: ^^-(232)3. iLifl *|^Kr 3 



(integrating mode)5. ^^'^r^r. 
<50> ^7-1, #71 Till #e)^lJL(SCl)oll Al ^rl*l(SWl) ^ *I12 ^H*1(SW2)7> 

bfl^. #71 *fl3 ^*1(SW3) ^ 7114 ^*|(SW4)fe iL5L€^. °H, ^"71 TlsflAlBl^- 



(231)7> 



S-^S. ?l^^Bl(Cl)» ^<#(Vfd)°l Sl7>£|^ ^<?MI 



^«.w.(232)3l 7| 2(1 Al Ei(C2)^ *^(hold)^-3H ^Tll 
<5i> zl t^, #7l ^2 #^#S(SC2)^11 £]SfH ^113 ^*1(SW3) ^ 7114 ^*|(SW4)7} ^ 

^"71 *lll ^*1(SW1) ^ 7112 ^*l(SW2Kr iLH^^r. #7l ^*1^L ^^13 

Jf(231)7r 3^: S-^S ^^>32, #7l ?1 sfl ^ b| (Cl)^l charge )7> #7l ^ 

^(232)^1 7l2flAlE : l(C2)S. *&|7>7ll ^x}. 
<52> #71 ^Jf(232)^r ^"71 ifl*lH. 7l3fflAlE^(232)^l 2)n ^^-i: 
til 51 Jf (233)3. #^^tT=t. 
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<53> #71 w]5L^-(233)^ til517l (comparator)^ ^€ *r . 



(232)3^*1 o^sLZL i=l^m ^Hr^l , ^, #7l 3^(232)51^ 

31 ^^J-ol a>^^1 7l§^^(Vref)^ 3^ iM "1" -^-Bfl* #^*r^, 3^r ^1 3# 

w. (23 2)S.^-T3]al 7l^^^(Vref)Ji^ ^o_t& S^-j "0" ^fl« t^W- 

°H ^71 til^Uf (233)^ "1" lEfe "0" ^» ^1H ^tfCVo)* #^ 

< 54 > oH, £ ^«1 D/A €«r^-(234)^ %7] «lSLJf(233)4H ^(Vo)^ 3.*| 

#bH rq-el-, #71 ti^ (233)<HH #tf(Vo)* *r3H ^« ^SJ. £tf 

< 55 > # 7 i d/a «|^-(234)^ #7l ^1^(233)^1^ #^3^ ^ 0 «KVo)^l 5-3 <M7> 

n »o]^ > #71 131^(233)^1^ #33^ cl^m ^(Vo)* ^€ ^ # 

<3-(-VA)°-5L ^"71 2^*1^- 7l3tflAlE^(231)S #^SfciL, ^"71 tilJ5lJf(233)<M #^ 

sqfe ^^(vo)^i #Bfl7> »o-om, #7i tiija^-(233)^iAi 

( Vo )^. ^oll <£cq ^sn ;£<?K+VA)iL5L ^71 23l*lH. TlsfjAlBlJf (231) 



<56> 2tb, H 2# ?r£^(240)fe ^"71 *m-*]ZLv} t£2^-(230)^ 1«1H A 

A% ^(VoH 5L^€ 5L*| "1"^ ti}olH 7R:H*Brtf|, <« ^"71 f 

Bt-aIzl^ ¥i3HK230)£l 8ia l-^ "1,0,1,0, 1,0,1,0'^lul, 3.3 "1 ,,6 H sfl^Kr 

•3VB1-J1 ^ji, ^a] «0"<*fl afl^fe ^U°l 'OV'Sr ^"71 ^-aIzl^ ^2:^- (230) 51 

23-13 




040015559 



^ 2005/2/3 



<57> 



(l+0+l+0+l+0+l+0)X(3V) = i2_ = 15 y 

8(«1H)' 8 



< 58 > g^, ^"71 ^BhAl^Ln} t£3^K230)£1 8*1 H^l "1,0,0,0,1,0,1,0^1^, #71 t^HM 

^Ln> ^2:^-(230)^ Sfl^^ ^SZL S>7l 2 ^1 €4- 



<59> 



2] 



(l+0+0+0+l+0+l+0)X(3V) = 9_ =l 125V 



<eo> ol^tb ^ ^BH^*} T£3^f(230)fe «g«^tf°l 7l*^g-(Vref)^ 7>^^m, " 

1,0. 1,0... "3 M-^M-Tll sqoL, ^ 7l^^^-(Vref)^ 3711 5^ ^€ 

<&°fl "l"ol ^o>^7fl slZL, *>^1 7l^^<g-(Vref)^ *M1 E)^ «?H "0"°1 ^V^Ml 



<61> 



-j_ & ^^o] ^H^-(250)^ #7] (240 H 7>-g:H€ 3-3 "1"^ 7fl 

Alif #7l PWM ^71(210)3. 
< 62 > s. 5 ^ £ DC/DC JL^ 7l§£#-lM33:# ^H^ 0 14. 
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< 63 > 5^ 7 ]-^<y-( V ref)* "0.5V"5L ^}JL, £ DC-DC 5^ ^41 ^ a]^*]^ ^ 

7^ fiol "0.5VS. #«}5L ^sl-Sl^ JeL<^ZL S^r^l. ^ DC/DC 



<64> £ 6^r DC/DC 7>^ ^^-t^^ 

<65> £ 6 £r 7l§^<g-(Vref)<=>l ^*}7fl "fl^lS ^ t^l* DC-DC ^^7} 

» 7l^^^(Vref)# "1.0V->1.5V->1.2V"S 6b°\) S^ltt «>^^ 

o] ^. xi)^^ #^^«^(Vout)^r ^^(Vref)^ ^sHl^ %7] 7l§ 

^^(Vref)* ^-f ^^^-S. ^^>31 9X-&4r ^ 9X^r. 

<66> xl^tt w}1 4^, ^3 DC-DC *^^i^(Vout)cl 7}&^<&(yref)2i& 

3j.o.Tg . tl »o. ^o] M^^-a} (240 7fl^7> ^7>s]Jl, tiV^S. 

^(VoutH 7l^^<a-(Vref)^ 3.^ "0"# S8f<>1 MHW^ #71 7^(240)^ "1"^ 7fl^ 
7> #^4. o-|^|- ^ ti>^-^>| 7l^^^(Vref)^l ^^l^Tll #^^^(Vout)* ^3 
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<67> . a 



^ ^ & ^6\) t^-s.^, S-^H^ 71^^: t\x\y& DC-DC &*\*\ 



7>^ ^Tfl ^ 
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5L^]o]# 71^* ol-g-^t DC-DC fl^^H &<H*1, 

og^s]^ PWM Al^ofl n}^ <g^3q*r aWDC) ^(Vin)-* *>3H =L7l^ ^(DC) 

^<a-o.s. igLft^fe pwm ^3^71(210); 

^-71 PWM ^*L( 2 lO)*iM *|* sfltf* a>*M -MS ^^Kr afl*13 
(220); 

^-71 ^BK220)3 #^#(VoutW *fl^fe #tf(Vfd)*. ^€ 7l§^i 



^-(Vref)^l 4^, ^^(Vo)AS. ^*Hr t^~^l^V ^2:^(230); 

^. 7l ^Bj-AlzL*} ^2:^(230)^1 mlH ^tKVoW S-^Q ^ "1"* U >°1- 



Tg-iftS. 7>^rH^>^ 7>^b1(240); ^ 

^. 7l 7H-bK240)^1 ^ 7>^H€ 71^1 ^ ^ol^if^ *H 

ol aflo^ ^ PWM ^lit ^"71 PWM ^^ 7l (2l0)S #^*Hr 

^lH^-(250) 

■g- iD^H^ li^r ^lli DC-DC ^tfl^l. 



2] 
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T&-SL*\m (non-overlapping) 2#* 2fe *U * *fl2 M^3l(SC1,SC2)4| ^ <ifl33<H 

( ^ 5f |^' ^[^(Vfd) « f^d^(VA)i *W 4HF8*R? ^H*|S. T^B)^ 

(231) ; 

#71 ^3tflAlE^(232)^l W8« 3€-*Hr ^^(232); 

>g. 7 ] ^^(232)5.^^1 A >3H 7l§^«y-(Vref)s|- ttlj5I«H j 

"0" #31* ^ t\x]i£ ^(Vo)* -fr^Kr til^Jf (233); ^ 

131^(233)^^ #^5)^ ^(Vo)^ *l^Jf(233)«1H 

^AlB]^-(231)S #^«Hr D/A €*¥-(234) 
» iW^r 33* ^^-S. DC-DC 



3] 

X|2"M S^l, ^"71 ^^1= 7^1^(231)^ 

#71 3x) = ^ ^^-(Vfd)^l *m ^^(sciH 4^ i$!3"*Rr 

^41*1 (swi); 

#71 xnx ^*KSH)4| *HWi3(Cl)* #*fl -S-71 7lS5ati"(Vref)^ ^ 7 1 

X|l #^#S(SC1)^1 ^ ^^Kr *02 ^^1(SW2); 

#71 D/A «|3&^-(234)e>l #71 XU ^^KSWl)^- (CI) 3 ^4^3=^ ^ 

4- #71 XI 2 #^41JL(SC2)<>11 4&(- XI 3 i^*l(SW3); ^ 
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TcJ-xq- ^^Kr ^*1(SW4) 

£ ig-^- ^ i^xl^ DC-DC . 



l^T^ 4] 
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